Introduction {#sec1-1}
============

The pharmacological response is generally related to the concentration of drug at receptor site\[[@ref1]\] and the availability of a drug from a dosage form is a critical element of drug efficacy\[[@ref2]\]. However; drug concentrations usually, cannot be readily measured directly at the site of action, therefore most bioavailability (BA) studies involve the determination of drug concentration in the biological matrix\[[@ref3]\] like blood, plasma, urine etc. This is based on the premise that the drug at site of action is in equilibrium with drug in blood. It is therefore possible to obtain an indirect measure of drug response by monitoring drug level in biological matrix.

The bio-analysis is employed for the quantitative determination of drug & metabolites in biological fluids play a significant role in evaluation of bioequivalence (BE), pharmacokinetic (PK) and toxicological studies. It is the way of comparative studies between two or more formulations of the similar drug products.

One of the recent important instrumental developments, giving high selectivity and sensitivity for complex samples, is the hyphenation of liquid chromatography (HPLC) with mass spectrometry (MS)\[[@ref4]\] i.e. LC-MS or MS is combination of high performance liquid chromatography (HPLC).

Chromatography is a non-destructive procedure for resolving a multi component mixture of trace, minor or major constituent into its individual fractions. This may be applied both quantitatively and qualitatively.

LC-MS/MS is the best method, when the detector has to be more sensitive, more specific or unknowns have to be identified\[[@ref5]\]. An advantage is that, at least for some of the LC-MS / MS techniques, the development of a method needs no compromise for adaptation to MS; drawbacks are such as the added degree of complexity in instrumentation and, in studies requiring precise quantitative work, the need for internal standards\[[@ref6]\].

Bioanalysis {#sec1-2}
===========

Bioanalysis is employed for the quantitative determination of drug & metabolites in biological fluids play a significant role in evaluation of BE, Pharmacokinetic (PK) and toxicological studies. It is the way of comparative studies between two or more formulations of the similar drug products.

Applications of bioanalysis {#sec1-3}
===========================

To identify and /or quantify illicit drugs in biological samples for the detection of substances of abuseTo assay foreign substances in biological materials, sometime postmortem for evidence of poison in toxicological and forensic use.To analyze trace elements and toxic substances in natural science and environmental research.To monitor the concentration of drugs and metabolites in tissues, blood, plasma, serum and urine specimens for a better understanding of the pharmacology and toxicity of drugs.To apply therapeutic drug monitoring in the management of the drug treatment in patients.

LC-MS/MS {#sec1-4}
========

Liquid chromatography and mass spectrometry is two segment of a LC-MS/MS system. The sample under investigation has to be introduced into the ionisation source of the instrument. Inside the ionisation source, sample molecules are ionised. These ions are extracted into the analyser region of the mass spectrometer where they are separated according to their mass (m) to charge (z) ratios (m/z). The separated ions are detected and this signal sent to a data system where the m/z ratios are stored together with their relative abundance for presentation in the format of an m/z spectrum.

CHROMATOGRAPHY {#sec1-5}
==============

Chromatography is a non-destructive procedure for resolving a multi component mixture of trace, minor or major constituent into its individual fractions. This may be applied both quantitatively and qualitatively.

High performance liquid chromatography {#sec1-6}
======================================

HPLC is an analytical technique for the separation and determination of organic and inorganic solutes in any sample, especially biological, pharmaceutical, food, environmental, and industrial.\[[@ref7]\] HPLC is more versatile since it is not limited to volatile and thermally stable samples, and the choice of mobile phase and stationary phase is wider.\[[@ref8]\]

Mass Spectrometry {#sec1-7}
=================

Mass spectrometers are an analytical tool used for measuring the molecular weight (MW) of a sample. The principal of MS is the production of ions from analysed compounds that are separated or filtered on the basis of their mass to charge ratio (m/z).\[[@ref9]\]

Structural information can be generated using certain types of mass spectrometers, usually tandem mass spectrometers, and this is achieved by fragmenting the sample and analysing the products generated.

**Tandem (MS-MS) mass spectrometers** are instruments that have more than one analyser and so can be used for structural and sequencing studies. Two, three and four analysers have all been incorporated into commercially available tandem instruments, and the analysers do not necessarily have to be of the same type, in which case the instrument is a hybrid one. More popular tandem mass spectrometers include those of the quadrupole-quadrupole, magnetic sector-quadrupole, and more recently, the quadruple-time-of-flight geometries.\[[@ref10]\]

Critical points in bioanalysis with LC-MS/MS {#sec1-8}
============================================

In order to determine the accurate concentration of drug and metabolites in biological matrix there are so many challenges. These challenges make the overall process difficult. The major challenges are as:

What would be the exact chromatographic conditions including selection of column, mobile phase, flow conditions, sample preparation method and detection system?Is the developed method precise, accurate and reproducible? Is it robust with regard to column, machine and analyst? To solve these problems, we have to validate\[[@ref11]\] the developed method with regard to both the parent drug and metabolite.

Development of analytical method {#sec1-9}
================================

Development of a suitable method for analysis of drug is the most important step in analytical studies, since the behavior of the drugs in biological matrixes depends on the levels of interferences that interact with the active molecule. Another aspect to be highlighted is the change of the components of the biological matrix subject to storage, process, taking into consideration time and temperature. Thus degradation products, complexing, oxidation, metabolites and other substances change the response of a method if this is not sufficiently selective for the studies with fresh and aged biological matrixes.

An idea regarding the method to be used for analysis, we can obtain from the various available research papers, literature survey etc. Literature surveys should be made with regard to following in mind:

Maximum plasma concentration (C~max~)of the drug and metabolite: knowing C~max~ helps the establishment of target sensitivity of method.Physiochemical properties of the drug and metabolite: following properties aid to guess and select proper extraction and sample preparation procedure.a)Molecular weight (MW)b)Solubilityc)Structured)Dissociation constant (pKa)e)Melting point.

Determination of lower and upper limit of quantification {#sec1-10}
========================================================

The lowest concentration of an analyte or lower limit of quantification (LLOQ) in a sample that can be quantitatively determined with an acceptable precision and accuracy is usually 1/20^th^ of the C~max~ value. After calculating the ULOQ and LLOQ values\[[@ref12]\] we prepare standard workings stock solution (main stock) of highest and lowest concentration. Now from these main stocks, we prepare different solutions of intermediate concentration.

Setting of mobile phase {#sec1-11}
=======================

A successful chromatographic separation depends upon differences in the interaction of the solutes with the mobile phase and the stationary phase, and in liquid chromatography, choice and variation of the mobile phase is of critical importance in achieving optimum efficiency.

Establishment of extraction procedure {#sec1-12}
=====================================

Physiochemical property of drugsSelection of solvent for extraction: A good solvent contains following characteristics:Drug should be soluble properly in the solvent.It should not be flammable and hazardous.It should be easily available and should not be of high cost.It should be easily evaporated, so that drug can be re-obtained from the solution.Selection of medium (acidic/ basic or neutral)Selection of extraction procedure i.e. either liquid-liquid extraction (LLE), protein precipitation (PP), or solid phase extraction (SPE).

Selection of plasma volume spiked {#sec1-13}
=================================

Minimum plasma volume which provided sufficient recovery of both drug and the metabolite is used in plasma blank sample. Recovery of drug and metabolites are calculated by the formula;
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Selection of drug and metabolite volume to spike {#sec1-14}
================================================

The volume of drug and metabolite to be added depend upon the volume of plasma spiked. Drug and metabolite concentration is normally 5 % of the spiked plasma volume. For example, if the spiked plasma volume is 500 μl, so the volume of drug and metabolite to be added will be 25μl of each.

Selection of internal standard {#sec1-15}
==============================

To determine whether the sample prepared is with least error, internal standard is added in plasma. Internal standard is the, compound of known purity, which, it does not interfere in the analysis. Internal standard should be chemically and physically similar with the drug, as well as it should not have any chemical reaction with drug and should be of high purity. Generally, internal standard is selected, from the same category of the drug. For example; In the case of Losartan and Losartan Carboxylic Acid bioanalytical study, valsartan may be used as the internal standard.

Optimization of matrix effect {#sec1-16}
=============================

The US-FDA guidance for industry on bioanalytical method validation requires the assessment of matrix effect during method validation for quantitative bioanalytical LC-MS/MS methods. A matrix effect\[[@ref13]\] is defined as the analyte ionization suppression or enhancement at the presence of the matrix components that could originated from the endogenous compounds, metabolites and co\--administered drugs. More recently matrix effects from internally standard dosing vehicle and mobile phase additives and plastic tubes also reported.

This step is usually necessary to remove matrix components such as proteins, salts and other organic compounds in biological matrices which otherwise may impose interferences or ionization suppressions to the analytes.

Ion suppression {#sec1-17}
===============

Ion suppression in liquid chromatography coupled with mass spectrometry (LC-MS/MS) can occur, when a co-eluted compound suppresses the ionization of the sample molecules in a mass spectrometer\'s source. This ion suppression is analogous to the large garbage peak for unretained material common at the beginning of chromatograms monitored by UV detection. Ion suppression, like other chromatographic interferences, compromises quantitative analysis because it can vary from sample to sample.

To solve this problem one approach is to post column infusion of an analyte into the MS detector. The purpose of post column infusion with the analyte is to raise the background level so that the suppression matrix will show as negative peak. Any deviation from the "baseline" caused by injecting the matrix blank indicates the existing of matrix effect.

Similarly, the recovery is determined by comparing the MS response of extracted sample with those spiked (post extraction) into a blank matrix. Because both samples have the matrix ingredients present, the matrix effect can be considered the same for extracted sample and post extracted sample. Any difference in response now could be considered caused by extraction recovery.

Chromatographic condition determination {#sec1-18}
=======================================

Another important aspects with LC-MS/MS use for bioanalysis of drug and metabolites are determination of exact chromatographic conditions including selection of column, flow conditions, detection system probe position, mode of pump, injection volume etc. For Example: Poor analyte column retention may result in detrimental matrix effect that has been identified as one of the major reasons why bioanalytical LC-MS/MS method fails.

Conclusion {#sec1-19}
==========

In order to determine the accurate concentrations of drug and metabolites in biological matrix by using LC-MS/MS, there are many challenges. The major challenges are, establishment of suitable sample preparation technique, setting of instrumental parameters such as, flow rate, probe position, injection volume, mobile phase determination etc. But at the same time, we should be careful for the system also as the impurity of sample (For example; some time sample prepared by the protein precipitation technique remain with large particle size can chock the column and increases pressure of the system), pH of the mobile phase (very low pH solvent may degrade the column) etc. may harm the system.
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